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	SUMMARY

	This paper highlights a number of issues with the calculation of the bandwidth requirement for wireless avionic intra-communication systems and invites discussion of these issues to ensure a common understanding of the requirement within aviation.

	ACTION

	The meeting is invited to:-

· Note the information provided and questions raised  

· Discuss the merits of the information 
· Where appropriate incorporate the various changes into the new ITU Report on WAIC Characteristics


1. INTRODUCTION

1.1 Agenda item 1.17 of the 2015 World Radiocommunication Conference is intended to address the spectral requirements of the wireless avionic intra communication (WAIC) system.  Current studies in the ITU suggest that the total throughput requirement for WAIC is 31.935 Mbits/sec (1.25 MBits/Sec low and 30.685 MBits/sec high data rate applications).  In order to address this requirement the current calculation would suggest the need for 239 MHz (94 MHz for low and 145 MHz for high data rate applications) of spectrum. 
2. discussion

2.1 If the current figures are accurate then this results in a spectral efficiency of 0.013 bits/sec/Hz for the low data rate applications and 0.212 bits/sec/Hz for the high data rate applications.  These figures compare with 0.05 bits/sec/Hz for 802.15.4 the standard quoted for use in low data rate applications and 2.7 bits/sec/Hz for 802.11a/g the standard quoted for the high data rate applications generally quoted as the throughput in the industry.  Whilst I agree that the standards chosen are appropriate to the type of applications they are intended to carry I would suggest the spectral efficiencies for WAIC appear rather low when compared with the industry quoted figures.
2.2 Having checked Annex 1 to Annex 21 of the chairman’s report of the last 5B meeting “Working Document towards a Preliminary DRAFT NEW REPORT ITU-R M.[WAIC_CHAR_SPEC]” I have a number of questions as to the logic behind the protocol considerations as detailed below:-
Forward Error Correction:  It is correct that 802.15.4 and 802.11a/g have quoted forward error correction values of 8 and 2 respectively however if I understand the standards correctly the modulation rate is set at a level which will maintain the data rates quoted by the standard and hence for 802.15.4 the modulation rate is 2 Mbits/sec which results in a date rate of 250 kbits/sec and for 802.11a/g the modulation rate is between 12 and 72 Mbits/sec giving a net date rate of between 6 and 54 Mbits/sec. 
Channelization Overhead Factor:  Whilst I support the channelization overhead factor quoted for 802.15.4 (β=1.9, 5MHz/2.6MHz) the figure for 802.11a/g would appear to be slightly wrong.  If I understand the standard correctly 802.11a/g is based on 20MHz channel spacing with an occupied bandwidth of 16.6 MHz giving a channelization overhead factor β of 1.2.

2.3 Removing the forward error correction factor from the protocol overhead factor would result in the following difference in the calculations for the low and high data rate scenarios 
Low data rate applications

Assumptions:

–
tusable = 3 136 s (data packets fully loaded ( 98 bytes @ 250 kbps)
–
tMAC_overhead = 672 s
–
tsecurity_overhead = 512 s

utilization factor = 3 136 s / (3 136 s + 672 s + 512 s) = 0.73

low rate = 1 / 0.73 = 1.37
High rate applications

Assumptions:

–
tusable = 3 061 s (data packets fully loaded ( 2 296 bytes @ 6 Mbps or 20 664 @ 54Mbps)

–
tMAC_overhead = 93 s
–
tsecurity_overhead = 21 s

utilization factor = 3 061 s / (3 061 s + 93 s + 21 s) = 0.96

high rate = 1 / 0.96 = 1.04
2.4 Looking at the modulation efficiency in section 5.5 of the main body of the report a figure of 1 is quoted for both the high and low data rate applications.  However for 802.15.4 the data rate achievable is 250 kbits/sec over a 2.6 MHz channel which would indicate a modulation efficiency of 0.096 bits/sec/Hz and for 802.11a/g the calculation would give a modulation index of between 0.36 & 3.25 bits/sec/Hz (6Mbits or 54Mbits/sec divided by 16.6 MHz).
2.5 The draft new ITU Report on WAIC characteristics proposes the need for a multi-aircraft factor which for low data rate applications is 3.6 and 1.8 for the high data rate applications.  From my perspective the multi-aircraft is unrealistic.  Firstly it would appear that the scenario consider is that an aircraft is passing behind a row of aircraft on stand which are separated by 37 metres which is consistent with a gate design for small aircraft but most gates are designed to take larger aircraft.  Secondly it is unlikely that aircraft parked on a stand will be operating its WAIC systems except to test their operation and hence the interference scenario is unlikely.  Finally intra aircraft interference would appear to be fairly easily to mitigate through the use of directional antenna which would also have the advantage of reducing the power the transmitter needs to generate, an advantage when energy conservation is an important factor.  It therefore appear an unrealistic factor to include in the study.
2.6 Taking into account the various the information provided above then Table 14 of the draft report could be modified as shown below:-
WAIC spectrum requirements for low and high rate applications
	WAIC application category
	Application data rate in kbps 
(Peff)
	Protocol overhead factor 
(()
	Channelization overhead factor
(() 
	Multiple-aircraft factor 
(m)
	Modulation efficiency in bps per Hz
(η)
	WAIC Spectrum requirements MHz 
(F)

	Low data rate (Lx)
	1 250
	1.37
	1.9
	1
	0.096
	33.89

	High data rate (Hx)
	30 685
	1.04
	1.2
	1
	0.36

3.25
	106.02
11.78


2.7 This results in a total spectral requirement of between 46 & 140 MHz dependent on whether you consider the least or most spectrally efficient implementation of 802.11a/g.

2.8 Given the result of the Air Navigation Conference which supported the need to demonstrate efficient use of the spectrum allocated through efficient frequency management and use of best practices there appears no reason why the more efficient implementation of 802.11a/g cannot be used and hence the total spectral requirement would be 46 MHz.
3. ACTION BY THE MEETING
The meeting is invited to:-

· Note the information provided and questions raised  

· Discuss the merits of the information 

· Where appropriate incorporate the various changes into the new ITU Report on WAIC Characteristics
(3 pages) 

ACP-WGF28-WP25.doc

